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(54) PRODUCTION OF FINE LINE CONTAINING TITANIUM OXIDE, AND FINE LINE AND 
STRUCTURAL BODY PRODUCED BY THE PRODUCING METHOD 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a producing 
method of fine lines containing titanium oxide having 
excellent crystallinity and a nano-size diameter, and 
especially titanium oxide whiskers. 
SOLUTION: This method includes a first process (a) 
to prepare a substrate 10 having a surface 11 
containing titanium, a second process (b) to 
discretely arrange a material 13 different from 
titanium on the surface, and a third process (c) to 
heat treat the surface containing titanium subjected 
to the second process so as to form fine lines 15 
containing titanium oxide. 



1 1 > 



19 



i 1? 



1 of 23 



09/22/2006 02:08 PM 



JP-A-2000-203998 



file:///Q:/2006/062907/References/JP-A-2000-203998.html 



LEGAL STATUS 

[Date of request for examination] 11.12.2003 

[Date of sending the examiner s decision of 
rejection] 

[Kind of final disposal of application other 
than the examiner s decision of rejection or 
application converted registration] 
[Date of final disposal for application] 
[Patent number] 
[Date of registration] 

[Number of appeal against examiner s 
decision of rejection] 

[Date of requesting appeal against examiners 
decision of rejection] 

[Date of extinction of right] 

* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the 
original precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] (A) The manufacture approach of the thin line containing the titanium oxide 
characterized by to have the third process which forms the thin line which heat-treats the 
front face containing said titanium which gave said second process, and contains titanium 
oxide in the first process which prepares the base which has a front face containing titanium, 
and the ambient atmosphere which oxidize the second process which arranges discretely an 
ingredient which is different from titanium on said front face, and (B) (C) titanium. 
[Claim 2] (A) The manufacture approach of the thin line containing the titanium oxide 
characterized by to have the third process which forms the thin line which heat-treats the 
front face containing said titanium which gave said second process, and contains titanium 
oxide in the first process which prepares the base which has a front face containing titanium, 
and the ambient atmosphere which oxidize the second process which arranges an ingredient 
which is different from titanium on said front face to island shape, and (B) (C) titanium. 
[Claim 3] The manufacture approach of the thin line containing the titanium oxide according 
to claim 1 or 2 with which a different ingredient from said titanium is characterized by being 



2 of 23 



09/22/2006 02:08 PM 



JP-A-2000-203998 



file:///Q:/2006/062907/References/JP-A-2000-203998.html 



Li, Na f K, Mg, calcium, Sr, Ba, Sc, Y, La, Cu, Zn, aluminum, Zr, or Mo. 

[Claim 4] A different ingredient from said titanium is the manufacture approach of the thin 
line containing the titanium oxide according to claim 3 characterized by being formed in said 
front face by vacuum deposition, a spatter, or the CVD method. 

[Claim 5] Said third process is the manufacture approach of the thin line containing the 
titanium oxide according to claim 1 or 2 characterized by being the process which 
heat-treats the front face which contains said titanium in the ambient atmosphere containing 
02 and H2. 

[Claim 6] The ambient atmosphere which oxidizes said titanium is the manufacture approach 
of the thin line containing the titanium oxide according to claim 1 or 2 characterized by being 
an ambient atmosphere containing H20. 

[Claim 7] The ambient atmosphere which oxidizes said titanium is the manufacture approach 
of the thin line containing the titanium oxide according to claim 1, 2, or 6 characterized by 
being among the ambient atmosphere containing H20 and H2. 

[Claim 8] The manufacture approach of the thin line containing the titanium oxide according 
to claim 6 or 7 with which the partial pressure of H20 in said ambient atmosphere is 
characterized by being below 2.66x1 03Pa (20torr) more than 1.33x1 0-2Pa (10-4torr). 
[Claim 9] The manufacture approach of the thin line containing the titanium oxide according 
to claim 5 with which the partial pressure of 02 in said ambient atmosphere is characterized 
by being below 2.66x1 04Pa (200torr) more than 0.133Pa (10-3torr). 

[Claim 10] The manufacture approach of the thin line containing the titanium oxide according 
to claim 5 or 7 with which the partial pressure of H2 in said ambient atmosphere is 
characterized by being more than 13.3Pa (lOOmtorr). 

[Claim 1 1] The manufacture approach of the thin line containing the titanium oxide according 
to claim 1 or 2 with which temperature of heat treatment in said third process is 
characterized by 600-degree-C or more being 900 degrees C or less. 
[Claim 12] (A) The manufacture approach of the thin line containing the titanium oxide 
characterized by to have the first process which prepares the base which has a front face 
containing titanium, and the third process which form the thin line which heat-treats the 
second process which arranges said metallic element on said front face by contacting the 
liquid containing a metallic element which is different from titanium on said front face, and 
(B) (C) titanium in the ambient atmosphere which oxidizes, and contains titanium oxide in 
said front face. 

[Claim 13] For said titanium, the liquid containing a different metallic element is the 
manufacture approach of the thin line containing the titanium oxide according to claim 12 
characterized by being the water solution of this metallic element. 

[Claim 14] Said water solution is the manufacture approach of the thin line containing the 
titanium oxide according to claim 13 characterized by being an acid solution. 
[Claim 15] Said second process is the manufacture approach of the thin line containing the 
titanium oxide according to claim 12 characterized by being the process immersed in said 
liquid in said base. 

[Claim 16] Said second process is the manufacture approach of the thin line containing the 
titanium oxide according to claim 15 characterized by being the process which anodizes the 
front face which contains said titanium in the condition that said base was further immersed 
in said liquid. 
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[Claim 17] The manufacture approach of the thin line containing the titanium oxide according 
to claim 12 characterized by said metallic element being a metallic element chosen from Li, 
Na, K, Mg, calcium, Sr, Ba t Sc, Y, La, Cu, Zn, aluminum, Zr, or Mo. 
[Claim 18] The ambient atmosphere which oxidizes said titanium is the manufacture 
approach of the thin line containing the titanium oxide according to claim 12 characterized 
by being an ambient atmosphere containing 02 and H2. 

[Claim 19] The ambient atmosphere which oxidizes said titanium is the manufacture 
approach of the thin line containing the titanium oxide according to claim 12 characterized 
by being an ambient atmosphere containing H20. 

[Claim 20] The ambient atmosphere which oxidizes said titanium is the manufacture 
approach of the thin line containing the titanium oxide according to claim 19 characterized 
by being an ambient atmosphere containing H20 and H2. 

[Claim 21] The manufacture approach of the thin line containing the titanium oxide according 
to claim 19 or 20 with which the partial pressure of H20 in said ambient atmosphere is 
characterized by being below 2.66x1 03Pa (20torr) more than 1.33x10-2Pa (10-4torr). 
[Claim 22] The manufacture approach of the thin line containing the titanium oxide according 
to claim 18 with which the partial pressure of 02 in said ambient atmosphere is 
characterized by being below 2.66x1 04Pa (200torr) more than 0.133Pa (10-3torr). 
[Claim 23] The manufacture approach of the thin line containing the titanium oxide according 
to claim 18 or 20 with which the partial pressure of H2 in said ambient atmosphere is 
characterized by being more than 13.3Pa (100mtorr). 

[Claim 24] The manufacture approach of the thin line containing the titanium oxide according 
to claim 12 with which temperature of heat treatment in said third process is characterized 
by 600-degree-C or more being 900 degrees C or less. 

[Claim 25] (A) The manufacture approach of the thin line containing the titanium oxide 
characterized by having the first process which prepares the base which has a front face 
containing titanium, and the third process which forms the thin line which heat-treats the 
second process which carries out surface roughening of said front face, and (B) (C) titanium 
in the ambient atmosphere which oxidizes, and contains titanium oxide on said front face. 
[Claim 26] Said second process is the manufacture approach of the thin line containing the 
titanium oxide according to claim 25 characterized by being the process which etches said 
front face. 

[Claim 27] The ambient atmosphere which oxidizes said titanium is the manufacture 
approach of the thin line containing the titanium oxide according to claim 25 characterized 
by being an ambient atmosphere containing 02 and H2. 

[Claim 28] The ambient atmosphere which oxidizes said titanium is the manufacture 
approach of the thin line containing the titanium oxide according to claim 25 characterized 
by being an ambient atmosphere containing H20. 

[Claim 29] The ambient atmosphere which oxidizes said titanium is the manufacture 
approach of the thin line containing the titanium oxide according to claim 28 characterized 
by being an ambient atmosphere containing H20 and H2. 

[Claim 30] The manufacture approach of the thin line containing the titanium oxide according 
to claim 28 or 29 with which the partial pressure of H20 in said ambient atmosphere is 
characterized by being below 2.66x1 03Pa (20torr) more than 1.33x1 0-2Pa (10-4torr). 
[Claim 31] The manufacture approach of the thin line containing titanium oxide according to 
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claim 27 that the partial pressure of 02 in said ambient atmosphere is characterized by being 
below 2.66x1 04Pa (200torr) more than 0.133Pa (KKJtorr). 

[Claim 32] The manufacture approach of the thin line containing the titanium oxide according 
to claim 27 or 29 with which the partial pressure of H2 in said ambient atmosphere is 
characterized by being more than 13.3Pa (100mtorr). 

[Claim 33] The manufacture approach of the thin line containing the titanium oxide according 
to claim 25 with which temperature of heat treatment in said third process is characterized 
by 600-degree-C or more being 900 degrees C or less. 

[Claim 34] (A) The manufacture approach of the thin line containing the titanium oxide 
characterized by having the third process which heat-treats in the ambient atmosphere 
which oxidizes the first process which prepares the base which has a front face containing 
titanium, and the second process which irradiates ultraviolet rays on said front face and (B) 
(C) titanium, and forms the thin line containing titanium oxide in said front face. 
[Claim 35] The thin line which is a thin line containing titanium oxide and contains the 
titanium oxide manufactured by the manufacture approach given in any of claims 1, 2, 12, 25, 
or 34 they are. 

[Claim 36] The thin line containing the titanium oxide according to claim 35 characterized by 
said thin line being a whisker crystal containing titanium oxide. 

[Claim 37] A base and the structure characterized by providing the thin line containing 
titanium oxide according to claim 35 on this base. 

[Claim 38] The structure according to claim 37 characterized by said thin line being a 
whisker crystal containing titanium oxide. 



[Translation done.] 
* NOTICES * 

JPO and NCI PI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the 
original precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the thin line and the structure which are 
manufactured by the manufacture approach of the thin line containing titanium oxide, and 
this manufacture approach. It is especially related with the titanium oxide whisker 
manufacture approach. In more detail, it is a titanium oxide whisker available in the large 
range as functional materials, structural materials, etc., such as an electron device and a 
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micro device, and is related with an optoelectric transducer, a photocatalyst component, an 
electron emission ingredient, etc. especially as an example of a functional material. 
[0002] 

[Description of the Prior Art] As for the titanium oxide ingredient, research is briskly done 
focusing on disassembly of an optical solar battery and harmful matter, antibacterial, etc. as 
application of the optical semi-conductor property and photocatalyst operation. For example, 
the example which used the antibacterial action of a titanium oxide particle for the building 
material is indicated by JP,8-302498,A. 

[0003] Moreover, GURETTSUERU and others (M. Gratzel) made the wet solar battery as an 
experiment using Ti02 particle of several nm size created by spreading of the colloidal 
solution, and baking, and the energy conversion efficiency has obtained 7.1 - 7.9%. (B. 
0 1 Reganet.arNATURE"353 (1991) 737) . This comparatively big conversion efficiency is 
realized by making size of titanium oxide small to nano meter size, and enlarging surface 
area. 

[0004] Otherwise, recently, if ultraviolet rays are irradiated on a titanium oxide front face, a 
hydrophilic property and an oleophilic field are formed in the magnitude of 30-80nm, and the 
report that the front-face nature having a hydrophilic property and oleophilic comes to be 
shown is made by the macro CNATURE"388 (1997) 431). 

[0005] titanium oxide has a new function by making the magnitude small to nano size so that 
it can grasp also for these examples — an ingredient . Although an electron shuts these up 
by making into size smaller than a certain characteristic die length the titanium oxide which 
is a n-type semiconductor and they are considered [ unique ] that electric, optical, and 
chemical property appeared in ** and a surface action, the essence has many parts which 
are not clear. 

[0006] Based on these, the titanium oxide ingredient of nano size can expect broad 
application as a new functional material or a structural material in an electron device, a micro 
device, etc. 
[0007] 

[Problem(s) to be Solved by the Invention] thus — if it has the magnitude of nano size and 
the crystalline outstanding titanium oxide ingredient can be realized further — 
photoelectrical converter ability — including, the further improvement in electric, optical, and 
chemical property is expectable. However, things were difficult for creating conventionally 
the titanium oxide ingredient which has the magnitude of nano size and was excellent in 
crystallinity by simple technique. 

[0008] As an approach of generally creating the ingredient of nano size, photolithography is 
begun and the creation approach by semi-conductor processing techniques including detailed 
pattern drawing techniques, such as electron beam lithography and X-ray lithography, is 
raised. However, these approaches have problems, like the badness of the yield and the cost 
of equipment are high, and the approach of creating with sufficient repeatability by the 
simple approach is desired. 

[0009] Moreover, although the creation approach of previous M.Gratzel's and others particle 
is a comparatively simple approach by spreading and. baking of the colloidal solution, a 
technical problem is in a controllability or repeatability to the crystallinity of titanium oxide, a 
particle configuration, etc. which are created. 

[0010] others — Masuda and others — titanium oxide — the replica of an anodic oxidation 



6 of 23 



09/22/2006 02:08 PM 



JP-A-2000-203998 



file:///Q:/2006/062907/References/JP-A-2000-203998.html 



alumina — taking — porous one — the example which constituted Ti02 is given 
("Jpn.J.Appl.Phys."31(1992) LI775-LI777, "J.of Materials Sci.Lett." 15 (1996) 1228-1230). 
However, in order that this approach may form Ti02 according to that it must pass through 
many complicated processes, and electrodeposition in the process in which a replica is 
taken, technical problems, like that crystallinity is bad are mentioned. 

[0011] On the other hand, a whisker crystal is known as a crystalline excellent ingredient. As 
the creation approach of a whisker crystal, the raw material of the halogenide is carried out, 
it is used, the approach of creating with reduction and a gaseous-phase chemistry grown 
method is learned, and TiC, TiN, etc. are compounded as a titanium compound. 
[0012] As an example which created the whisker of titanium oxide, the potassium titanate 
whisker of submicron size is developed and application of **** reinforced plastics, a fiber 
reinforced metal, and fiber consolidation SERAMIKKUHE is tried ("Japan Institute of Metals" 
58 (1994) 69-77). However, these are powder-like things and cannot be allotted on a 
substrate. Moreover, whisker size is 5-60 micrometers in 0.2-1.0 micrometers of diameters, 
and die length, and in order to pull out effectiveness peculiar to nano size, the further 
detailed-ization is the need. 

[0013] others — C the report from which growth of a titanium oxide whisker was chosen by 
KODETTO and others (C. Coddet) by heat-treating the plate of Ti in an H20 content 
ambient atmosphere — it is ("C.R.Acad.Sc.Paris, "t.281 (1975) 507-510) — the size of a 
path is as thick as about 10 micrometers also in this case. 

[0014] This invention is made in view of the above, and offers the titanium oxide ingredient 
excellent in crystallinity especially the titanium oxide thin line of nano size and titanium oxide 
whiskers, and those manufacture approaches. Furthermore, it aims at offering the nano 
structure which has arranged the above-mentioned titanium oxide thin line or the titanium 
oxide whisker on a base. 
[0015] 

[Means for Solving the Problem] This invention is made in view of the above-mentioned 
technical problem. The first mode of this invention namely, in the ambient atmosphere which 
oxidizes the first process which prepares the base which has a front face containing (A) 
titanium, and the second process which arranges discretely an ingredient which is different 
from titanium on said front face and (B) (C) titanium It is in the manufacture approach of the 
thin line containing the titanium oxide characterized by having the third process which forms 
the thin line which heat-treats the front face containing said titanium which gave said 
second process, and contains titanium oxide. 

[001 6] The second mode of this invention moreover, in the ambient atmosphere which 
oxidizes the first process which prepares the base which has a front face containing (A) 
titanium, and the second process which arranges an ingredient which is different from 
titanium on said front face to island shape and (B) (C) titanium It is in the manufacture 
approach of the thin line containing the titanium oxide characterized by having the third 
process which forms the thin line which heat-treats the front face containing said titanium 
which gave said second process, and contains titanium oxide. 

[0017] In the mode of this invention, it is desirable that a different ingredient from said 
titanium is Li. Na. K, Mg, calcium, Sr, Ba, Sc, Y, La. Cu, Zn, aluminum, Zr, or Mo. As for a 
different ingredient from said titanium, it is desirable to be formed in said front face by 
vacuum deposition, a spatter, or the CVD method. 
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[0018] As for said third process, it is desirable that it is the process which heat-treats the 
front face which contains said titanium in the ambient atmosphere containing 02 and H2. As 
for the ambient atmosphere which oxidizes said titanium, it is desirable that it is an ambient 
atmosphere containing H20. As for the ambient atmosphere which oxidizes said titanium, it 
is desirable that it is among the ambient atmosphere containing H20 and H2. 
[0019] It is desirable that the partial pressure of H20 in said ambient atmosphere is below 
2.66x1 03Pa (20torr) more than 1.33x10-2Pa (10-4torr). It is desirable that the partial 
pressure of 02 in said ambient atmosphere is below 2.66x104Pa (200torr) more than 0.133Pa 
(10-3torr). It is desirable that the partial pressure of H2 in said ambient atmosphere is more 
than 13.3Pa OOOmtorr). 

[0020] It is desirable that the temperature of heat treatment in said third process is 600 
degrees C or more 900 degrees C or less. 

[0021] The third mode of this invention furthermore, by contacting the liquid containing a 
metallic element which is different from titanium on the first process which prepares the 
base which has a front face containing (A) titanium, and the (B) aforementioned front face It 
is in the manufacture approach of the thin line containing the titanium oxide characterized by 
having the second process which arranges said metallic element on said front face, and the 
third process which forms the thin line which heat-treats (C) titanium in the ambient 
atmosphere which oxidizes, and contains titanium oxide on said front face. 
[0022] As for said titanium, it is [ the liquid containing a different metallic element ] desirable 
that it is the water solution of this metallic element. As for said water solution, it is desirable 
that it is an acid solution. As for said second process, it is desirable that it is the process 
immersed in said liquid in said base. As for said second process, it is desirable that it is the 
process which anodizes the front face which contains said titanium in the condition that said 
base was further immersed in said liquid. 

[0023] It is desirable that said metallic element is a metallic element chosen from Li, Na, K, 
Mg, calcium, Sr, Ba, Sc, Y, La, Cu, Zn, aluminum, Zr, or Mo. 

[0024] Furthermore, the fourth mode of this invention is in the manufacture approach of the 
thin line containing the titanium oxide characterized by to have the first process which 
prepares the base which has a front face containing (A) titanium, and the third process which 
forms the thin line which heat-treats the second process which carries out surface 
roughening of said front face, and (B) (C) titanium in the ambient atmosphere which oxidizes, 
and contains titanium oxide on said front face. As for said second process, it is desirable that 
it is the process which etches said front face. 

[0025] Furthermore, the fifth mode of this invention is heat-treated in the ambient 
atmosphere which oxidizes the first process which prepares the base which has a front face 
containing (A) titanium, and the second process which irradiates ultraviolet rays on said front 
face and (B) (C) titanium, and is in the manufacture approach of the thin line containing the 
titanium oxide characterized by to have the third process which forms the thin line 
containing titanium oxide in said front face. 

[0026] Furthermore, the sixth mode of this invention is a thin line containing titanium oxide, 
and is in the thin line containing the titanium oxide manufactured by the above-mentioned 
manufacture approach. It is desirable that said thin line is a whisker crystal containing 
titanium oxide. 

[0027] Furthermore, the seventh mode of this invention is in the structure characterized by 
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providing the thin line containing the above-mentioned titanium oxide on a base and this 
base. It is desirable that said thin line is a whisker crystal containing titanium oxide. 
[0028] the thin line containing the titanium oxide which according to the manufacture 
approach of above-mentioned this invention is excellent in crystallinity and has the path of 
nano size — especially — a titanium oxide whisker — a large quantity — a controllability — 
it can obtain highly. 
[0029] 

[Embodiment of the Invention] The manufacture approach of the thin line containing the 
titanium oxide of this invention is explained using drawing 2 . The manufacture approach of 
this invention is characterized by growing up the thin line which contains titanium oxide from 
the front face of a base by heat-treating the base which has titanium on a front face in an 
oxidizing atmosphere. 

[0030] Especially the base that has titanium on a front face uses for the surface type voice 
what has non-uniformity. Thus, by making surface type voice into non-uniformity, the path of 
the titanium oxide whisker created can be made thin, and the amount of generation of a 
whisker can be increased further. 

[0031] The non-uniformity of the surface type voice which has titanium here means that 
rear-spring-supporter a large number formation is carried out in area with the large field 
where the surface type voice of the magnitude of an atomic scale differs from several 
microns on a front face. In this invention, the smaller one of each area size is desirable, in 
order to make the path of a titanium oxide whisker thin. 

[0032] As non-uniformity of the surface type voice which has titanium, the unevenness as 
geometry is begun, for example and physicochemical qualities, such as surface chemistry 
conditions, such as a physical configuration of an ingredient, a presentation, crystal 
orientation, crystallinity, etc., a dangling bond, a surface termination element, scaling film, and 
its thickness, a work function which originates in them further, a hydrophilic property, 
resistivity, the melting point, and a dielectric constant, etc. are mentioned. 
[0033] Hereafter, an example of the concrete manufacture approach of the thin line 
containing the titanium oxide of this invention is explained later on in order using drawing 2 
(a) - (c). In drawing 2 , it is the thin line with which the film which 10 uses Ti as a base and 
11 uses as a principal component, and 12 contain a substrate, and 15 contains titanium 
oxide. 

[0034] Process A (refer to drawing 2 (a)) 

First, the base 10 which has a front face containing titanium (Ti) is prepared for a front face. 
As a base 10, the plate of titanium, the plate of a titanium alloy, the base that formed the 
film 11 which uses Ti as a principal component on the various substrates 12, such as quartz 
glass and Si, as shown in drawing 2 (a) can be used preferably that what is necessary is just 
to have titanium on the front face. Here, the film 1 1 which uses Ti as a principal component 
can form Ti by the film production approach of arbitration including resistance heating 
vacuum evaporations EB vacuum evaporationo, a spatter, CVD, and plating. 
[0035] Process B (refer to drawing 2 (b)) 

then, the front face containing Ti — un 1 — it processes to surface type voice [ like ]. It 

can carry out by covering an ingredient which is specifically different from Ti on the front 
face containing Ti as the first technique. Moreover, the liquid containing a metallic element 
which is different from Ti on the front face containing Ti as the second technique can be 
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performed also by contacting. Furthermore, it can carry out also by carrying out surface 
roughening of the front face containing Ti as the third technique. Or it can carry out also by 
irradiating ultraviolet rays on the front face containing Ti as the fourth technique again. 
[0036] extent which does not cover not all base front faces as the first technique of the 
above — as elements other than titanium — Li, Na, K f Mg, calcium, Sr, Ba, Sc, Y, La, Cu, Zn, 
aluminum, Zr, Mo, etc. — a minute amount — it allots. That is, the above-mentioned 
ingredient is formed island shape or discretely on the front face containing Ti. thus, many 
parts which the front face containing Ti has exposed by carrying out, and parts covered by 
elements other than the above-mentioned titanium form — having — the above-mentioned 
— un 1 — surface type voice [ like ] can be formed. 

[0037] As an approach of giving elements other than the above-mentioned titanium island 
shape or discretely, the membrane formation approaches, such as resistance heating vacuum 
evaporationo, EB vacuum evaporationo, a spatter, CVD, and sol gel, can be used. 
[0038] Moreover, it is contacting the solution which elements other than titanium dissolved 
as ion on the front face containing said Ti as the second technique of the above, and the 
technique of making un-uniform the gestalt on the front face of a base is mentioned. 
According to this technique, it will be in the condition of the ion in a solution having acted on 
the front face including Above Ti, for example, having performed termination processing of 
the above-mentioned front face, and the gestalt on the front face of a base can be made 
un-uniform. 

[0039] As elements other than the above-mentioned titanium, metals, such as Li, Na, K, Mg, 
calcium, Sr, Ba, Sc, Y, La, Cu, Zn, aluminum, Zr, and Mo, can be used preferably. 
[0040] Furthermore, by using the above-mentioned solution as an acid solution, while giving 
the above-mentioned element to the front face containing said Ti in the acid solution 
containing the above-mentioned metal ion, this process can be performed also by oxidizing 
this front face. Furthermore, the front face which contains said Ti again, using the acid 
solution containing the above-mentioned metal ion as the so-called electrolytic solution can 
be made into an anode plate, and this process can be performed also by oxidizing the front 
face which contains said Ti with an anode oxidation method. 
[0041] The outline of the anodic oxidation equipment which can be used for the 
above-mentioned anodic oxidation process is shown in drawing 5 . 50 are a thermostat 
among drawing 5 and the above-mentioned base with which 51 is equivalent to a reaction 
container and 10 is equivalent to an anode plate, the power source to which Pt cathode and 
54 impress the electrolytic solution, and, as for 53, 56 impresses an anodic oxidation 
electrical potential difference, and 55 are ammeters which measure an anodic oxidation 
current. Although omitted by a diagram, automatic control, the computer to measure are 
incorporated in the electrical potential difference and the current. A base 10 and a cathode 
53 are arranged in the electrolytic solution kept constant in temperature with the constant 
temperature bath, and anodic oxidation is performed by impressing an electrical potential 
difference between a base (anode plate) and a cathode according to a power source. 
[0042] As an acid solution of the above-mentioned electrolytic solution, oxalic acid, 
phosphoric acid, a sulfuric acid, a chromic-acid solution, etc. are mentioned, for example. 
Terms and conditions, such as an anodic oxidation electrical potential difference and 
temperature, can be set up suitably. 

[0043] Moreover, the example which made the above-mentioned ion contain in the 
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electrolytic solution (acid solution) used for an anodic oxidation process was shown here. 
However, a front face including Above Ti is anodized in the electrolytic solution which does 
not contain the above-mentioned ion, and the processing contacted on the front face 
containing Ti after the above-mentioned anodic oxidation can also apply the solution 
containing the above-mentioned metal ion further. 

[0044] the different-species element which differs from Ti on the front face containing Ti by 
the first technique of the above or the second technique is given — the above-mentioned — 
un 1 — surface type voice [ like ] can be formed. 

[0045] For a start [ above-mentioned ], according to the second technique, it originates in 
arranging a different-species element on the front face containing Ti, and these serve as an 
origin at the time of the below-mentioned heat treatment process, and it is thought that it 
contributes to the growth promotion of the thin line which contains titanium oxide by a kind 
of catalysis. 

[0046] Moreover, the technique of carrying out surface roughening of the front face 
containing Ti as the third technique of the above is mentioned. As extent of surface 
roughening, RA<=1 micrometer is desirable. As the technique of carrying out surface 
roughening, it is an etching reagent and the approach of forming irregularity in the front face 
which contains said Ti by the approach, BURASUTA and polish which form irregularity in the 
front face containing said Ti chemically, plasma treatment, etc. physically etc. can be applied, 
thus, the thing for which irregularity is formed in the front face containing Ti — the 

above-mentioned — un 1 — surface type voice [ like ] can be formed. 

[0047] Moreover, as the fourth technique of the above, the technique of irradiating ultraviolet 
rays is mentioned to the front face containing Ti. It is thought that the field where chemistry 
conditions (for example, oxidation number of titanium) differ can be formed in the front face 
containing Ti by this UV irradiation. This can attain remarkable effectiveness also by 
performing for example, the above-mentioned UV irradiation by the oxidizing atmosphere 
(inside of an acid solution or an ozone ambient atmosphere). 

[0048] moreover — although the process which divided Process A and Process B was shown 

here the above-mentioned process A, simultaneously the above-mentioned — un 1 — 

it is also possible to form surface type voice [ like ]. 

[0049] If membrane formation conditions are suitably set up when specifically forming the 
film 11 which was shown in said process A and which uses Ti as a principal component on a 
substrate 12 like, it can consider as the base 10 which can be made to produce a grain, 
abnormality growth, etc. in a thin film, consequently has un-uniformity above-mentioned 

surface type voice, moreover — thus — un 1 — when the film 1 1 which uses Ti with 

surface type voice [ like ] as a principal component is created, this process B can be skipped 
and degree process C which heat-treats in an oxidizing atmosphere can be performed. 
However, as for Process B, it is desirable to give with a controllability sufficient as another 
process. 

[0050] giving this process B explained above — un 1 — the path of the thin line 

containing the titanium oxide which can acquire surface type voice [ like ], consequently is 
created can be made thin. This is formed of the surface preparation by the above-mentioned 
process B on the front face where an ununiformity field contains Ti, and is considered to lead 
to making the path of a titanium oxide thin line thin by this. 

[0051] That is, in this invention, before the heat treatment process for forming the thin line 
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containing titanium oxide, detailed irregularity can be formed in the base front face 
containing Ti, the field where detailed surface states differ can be formed, or growth of a thin 
line can be promoted in the interface of each field and a field by giving other elements. 
Although it is not clear about this device, it is thought that a surface site with few the 
surface discontinuity and the numbers of titanic-acid-izing existing [ to an interface or a 
grain boundary with a dissimilar material / many ] tends to serve as a start point of thin line 
formation. Furthermore, it is thought that the processing and UV irradiation in an acid 
solution contribute to enhancement of a grain boundary, the increment in the 
above-mentioned number of surface sites, etc. 
[0052] Process C (refer to drawing 2 (c)) 

Then, titanium is heat-treated under the ambient atmosphere which oxidizes. The thin line 15 
which the titanium and the oxidizing atmosphere on the front face of a base are made to 
react, and contains titanium oxide according to this process is formed. 

[0053] An example of a reactor which performs the above-mentioned heat treatment here is 
explained using drawing 4 . 41 in drawing 4 is a reaction container, and the base of the 
above-mentioned [ 10 ] and 43 are infrared absorption plates, and have come to be alike of 
the role of a sample electrode holder 44 is gas installation tubing which introduces the gas of 
an oxidizing atmosphere, and it is desirable to be arranged so that the material gas 
concentration near a base may become homogeneity. 46 is the exhaust air line of gas and is 
connected with a turbo molecular pump or rotary POMPUHE. 47 is an infrared lamp for 
substrate heating, and 48 is a condensing mirror for collecting infrared radiation to an 
infrared absorption plate efficiently. Although omitted by a diagram, the thermocouple which 
measures the temperature of the vacuum gage which acts as the monitor of the pressure in 
a container, or a base is incorporated. You may be equipment of not only the equipment 
explained, of course here but the electric furnace mold which heats the whole from the 
exterior. 

[0054] The oxidizing atmosphere and temperature which heat-treat are set up suitably. The 
temperature of heat treatment has the desirable range of 600 degrees C - 900 degrees C. 
[0055] Moreover, H20 gas, 02 gas, etc. can be used as an oxidizing atmosphere which 
oxidizes Above Ti. moreover, the thing for which an inert atmosphere is mixed and used for 
the above-mentioned oxidizing atmosphere in order to control to moderate total pressure — 
although — it can do. As an oxidizing atmosphere which oxidizes Ti especially, H20 gas is 
desirable. Furthermore, it is desirable from the ability for mixing hydrogen (H2 gas) to make 
the path of a titanium oxide thin line thin, and increase the amount of generation in the 
above-mentioned oxidizing atmosphere. 

[0056] as explained above, after the manufacture approach of the titanium oxide thin line of 
this invention carries out non-entropy of the base which has a titanium element on a front 
face as mentioned above — a steam — and — or titanium oxide is made to grow in the 
shape of a thin line by heat-treating in oxidizing atmospheres, such as oxygen, using a 
gaseous-phase (oxidizing atmosphere)-solid phase (titanium) reaction 
[0057] According to the manufacture approach of this invention, it is possible for a rear 
spring supporter and die length to control a rear spring supporter and a configuration in 
several 10nm - 10 micrometers of numbers from several nm as a path of a thin line at the 
diameter of several micrometers, and to create a titanium oxide whisker. By C, the thin line 
containing titanium oxide can be formed from the above process A. 
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[0058] Next the thin line 15 containing the titanium oxide formed by the manufacture 
approach of this invention is explained. 

[0059] According to the above-mentioned manufacture approach, the titanium oxide thin line 
which used titanium oxide as the principal component is obtained. Moreover, a crystalline 
high titanium oxide whisker can be obtained especially. Moreover, this titanium oxide whisker 
can take the crystal structure of a rutile mold and an anatase mold according to the 
above-mentioned manufacture creation conditions. Although a whisker (crystal whisker) 
generally points out the crystal which grew needlelike in many cases, it shall not be 
concerned with crystalline existence in this invention, but shall have the linear configurations 
also including what was crooked, a thing with branch separation, and a spiral thing of having 
sufficient aspect ratio. 

[0060] Drawing 1 is the thin line containing the titanium oxide manufactured by the 
manufacture approach of this invention, for example, the schematic diagram showing the 
example of the configuration of a titanium oxide whisker. As shown in drawing 1 , a 
column-like thing, the thing which is pillar-shaped like drawing 1 (c), and changes a size 
gradually, and the thing of the configuration where two or more pillar-shaped objects 
coalesced as shown in drawing 1 (d) can acquire the configuration of the titanium oxide 
whisker manufactured by the manufacture approach of this invention like a string-like thing 
and drawing 1 (b) like drawing 1 (a). 

[0061] The thin line containing the titanium oxide obtained by this invention shown in drawing 
1 (b), (c), and (d) has the edge configuration which shows field bearing, and is a **** whisker 
crystal, although it is dependent on creation conditions, the size of a whisker is several nm - 
several micrometers, and die length can obtain the thing of the range of several 10nm - 
hundreds of micrometers — it comes out. 

[0062] Moreover, if the manufacture approach of this invention is used, since it has the thin 
line 15 which contains the titanium oxide which was arranged by having directivity to the 
base 10 and the base, and to carry out like drawing 3 , it can consider as the structure. Of 
course, it is also possible to separate and use the thin line 15 containing titanium oxide from 
the base of the nano structure. 

[0063] The thin line containing the titanium oxide manufactured by the manufacture 
approach of this invention can be excellent in crystallinity, and since the path is nano size, it 
can begin an optoelectric transducer, a photocatalyst, and an electron emission component, 
and it can apply them in the large range as functional materials, such as various electron 
devices and a micro device, a structural material, etc. Moreover, the thin line containing the 
titanium oxide of this invention can also be used as reinforcement, such as plastics. 
[0064] 

[Example] An example is raised to below and this invention is explained concretely. 

[0065] The manufacture approach of the titanium oxide thin line of this invention is explained 

later on in order using one or less example and drawing 2 (a) - (c). 

[0066] Process (a) 

Reference which produced the washing back with an organic solvent and pure water, fully 
produced the film 11 of Ti with a thickness of 1 micrometer by the spatter in the substrate 
12 of this example, and constituted the base 10 in it using the quartz substrate ( drawing 2 

a), the place which performed FE-SEM observation after this process — Ti The grain (un 

1 a front face [ like ]) of submicron size was observed on the front face of the film 11. 
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[0067] Process (c) 

Then, the titanium oxide whisker was grown up by heat-treating a sample under a steam and 
the mixed ambient atmosphere of helium. 

[0068] In this example, it installed in the reactor which showed the sample to drawing 4 . and 
first, by gaseous helium, bubbling of the pure water (vapor pressure of 864.5Pa (6.5torr)) held 
at 5 degrees C was carried out, it introduced by flow rate 50 ml/min from the gas installation 
tubing 44, and the pressure in a reaction container was maintained to 10.1 08x1 04Pa 
(760torr). And the infrared lamp was turned on and Ihr was heat-treated for sample 
temperature at 700 degrees C. And after erasing the infrared lamp and making substrate 
temperature into the room temperature, gas supply was intercepted and the sample was 
taken out in atmospheric air. 
[0069] Assessment (structure observation) 

The front face of the taken-out sample and the cross section were observed in FE-SEM 
(Field Emission-Scanning Electron Microscope: field emission scanning electron microscope). 
Consequently, growth of the whisker of titanium oxide was checked from the base. Moreover, 
existence of a rutile type titanium dioxide was shown by the X diffraction. 
[0070] Moreover, for the configuration of a titanium oxide whisker, the column-like whisker 
which are several 100nm - 10 micrometers of numbers, and was excellent in linearity as 
shown in drawing 1 (b) is [ the path of a whisker / 100nm - about 300nm and die length ] 

Moreover, a thing with the edge configuration which shows field bearing is in a 
whisker, and whisker crystal growth was carried out clearly. 

[0071] The thin line containing titanium oxide was formed in example 2 this example. 
Hereafter, the manufacture approach of the titanium oxide thin line of this invention is 
explained later on in order using drawing 2 (a) - (c). 
[0072] Process (a) 

Reference which produced the washing back with an organic solvent and pure water, fully 
produced the Ti film 1 1 with a thickness of 1 micrometer by the spatter in the substrate 12 
of this example, and constituted the base 10 in it using the quartz substrate ( drawing 2 a). 
[0073] Process (b) 

The anodic oxidation process was given. Using the anodic oxidation equipment which shows 
anodic oxidation to drawing 5 . the acid electrolytic solution was used as the 0.3M oxalic acid 
water solution, and held the solution at 17 degrees C with the constant temperature bath. 
The anodic oxidation electrical potential difference was set to DC40V, and anodizing time 
amount was set to 1min. When the front face after anodic oxidation was observed by AFM 
(atomic force microscope) and SEM after this process, the irregularity of several 10nm was 
checked in the front face. 
[0074] Process (c) 

Then, the thin line 15 which contains titanium oxide by heat-treating a sample under a steam 
and the mixed ambient atmosphere of helium was grown up. 

[0075] In this example, it installed in the reactor which showed the sample to drawing 4 . and 
first, by gaseous helium, bubbling of the pure water (vapor pressure of 864.5Pa (6.5torr)) held 
at 5 degrees C was carried out, it introduced by flow rate 50 ml/min from the gas installation 
tubing 44, and the pressure in a reaction container was maintained to 10.1 08x1 04Pa 
(760torr). And the infrared lamp was turned on and Ihr was heat-treated for sample 
temperature at 700 degrees C. And after erasing the infrared lamp and making substrate 
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temperature into the room temperature, gas supply was intercepted and the sample was 

taken out in atmospheric air. 

[0076] Assessment (structure observation) 

The front face of the taken-out sample and the cross section were observed in FE-SEM 
(Field Emission-Scanning Electron Microscope: field emission scanning electron microscope). 
Consequently, growth of the whisker of titanium oxide was checked from the base. Moreover, 
existence of a rutile type titanium dioxide was shown by the X diffraction. 
[0077] Moreover, the configuration of a titanium oxide whisker had the thin path compared 
with the example 1, as shown in drawing 1 (b), it excelled in linearity, and 10nm - about 
100nm and die length are several 100nm - 10 micrometers of numbers, and the column-like 
whisker was seen. Moreover, there were many amounts of a whisker a little compared with an 
example 1. Moreover, there are some whiskers which have the edge configuration which 
shows field bearing, and whisker crystal growth was carried out clearly. 
[0078] In example 3 this example, it sets at a process (a), and is Ti after producing Ti film. 
Vacuum evaporationo formation of the aluminum film was further carried out on the film at 
0.5nm considerable amount and island shape. Other processes applied to the example 2 
correspondingly. 

[0079] In this example, 30nm - about 200nm and die length were excellent in linearity, as it 
was several 100nm - 10 micrometers of numbers and was shown in drawing 1 (b), and as for 
the configuration of a titanium oxide whisker, the column-like whisker was seen, as for the 
path. Moreover, there were many amounts of a whisker a little compared with an example 2. 
[0080] Moreover, instead of aluminum, also when the same effectiveness used Ba, Zr, Mo, Y, 
La, Cu, Zn, Zr, and Mo, it was checked. This showed that the amount of generation of a 
titanium oxide whisker increased on Ti film front face by arranging elements other than Ti 
including aluminum island shape or discretely. 

[0081] In example 4 and example 5 this example, it sets at a process (b), and is A12 3 (S04) 
as the electrolytic solution for anodic oxidation to 0.3M sulfuric acid (example 4) and 0.3M 
sulfuric acid. The electrolytic solution (example 5) added 0.01 M was used. Other processes 
applied to the example 2 correspondingly. 

[0082] In this examples 4 and 5, the path of a titanium oxide whisker is 10nm - about 100nm, 
die length is several 100nm - 10 micrometers of numbers, and the column-like whisker which 
was excellent in linearity as shown in drawing 1 (b) was seen. Moreover, the amount of a 
whisker had more examples 5 compared with the example 4. 

[0083] Although anodized in the acid solution containing a metal ion in the example 5, also 
when the same effectiveness used ion, such as Li, Na, K, Mg, calcium, Sr, Ba, Cu, and Zn, it 
was checked instead of aluminum ion. It turned out that elements other than Ti can be 
arranged on Ti film front face, and the amount of generation of a titanium oxide whisker can 
be increased from this by adding other element ion including aluminum to the electrolytic 
solution for anodic oxidation. 

[0084] In example 6 this example, in the process (c), it is heat-treating under the mixed 
ambient atmosphere of a steam, helium, and hydrogen, and the titanium oxide whisker was 
formed. In this example, first, bubbling of the pure water held at 5 degrees C was carried out, 
it introduced by flow rate 50 ml/min from the gas installation tubing 44, the pressure in a 
reaction container was maintained to 10.1 08x1 04Pa (760torr) with the hydrogen gas of 50 
time helium dilution, and Ihr was heat-treated at 700 degrees C. Other processes applied to 
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the example 4 correspondingly. 

[0085] In this example, compared with the example 4, still more thinly, 5nm - about 50nm and 
die length were several 100nm - several micrometers, and, as for the configuration of a 
titanium oxide whisker, and the path, the amount also had them. [ much ] The column-like 
thing, the thing which is pillar-shaped like drawing 1 (c), and a size changes gradually, the 
thing of the configuration where two or more pillar-shaped objects coalesced as shown in 
drawing 1 (d), etc. were seen like a string-like thing and drawing 1 (b) like drawing 1 (a) in a 
configuration. Moreover, a thing with the edge configuration which shows field bearing is in 
drawing 1 (b), (c), and (d), and whisker crystal growth was carried out clearly. 
[0086] From this, by heat-treating in the ambient atmosphere containing hydrogen showed 
that the path of a titanium oxide whisker became thin and there was an inclination for the 
amount of generation to increase. 

[0087] In example 7 this example, in the process (c), it is heat-treating and the titanium 
oxide whisker was formed under the mixed ambient atmosphere of a steam, helium, and 
hydrogen. In this example, with the hydrogen gas of 50 time helium dilution, bubbling of the 
pure water was carried out, it introduced by flow rate 50 ml/min from the gas installation 
tubing 44, the pressure in a reaction container was maintained to 10.1 08x1 04Pa (760torr), 
and Ihr was heat-treated at 700 degrees C. Vapor pressure was changed by setting the 
temperature of pure water as 1 degree C, 5 degrees C, and 10 degrees C, respectively, and 
the H20 concentration in an ambient atmosphere was controlled. Other processes applied to 
the example 2 correspondingly. 

[0088] The configuration of a titanium oxide whisker had the inclination for the diameter of a 
whisker to be thick as the time when an H20 partial pressure is large. Moreover, the amount 
of generation of a whisker also suited many inclinations. 

[0089] In example 8 this example, in the process (c), it is heat-treating under the mixed 
ambient atmosphere of oxygen, nitrogen, and hydrogen, and the titanium oxide whisker was 
formed. In this example, mixed gas of 20% of oxygen, 2% of hydrogen, and 78% of nitrogen was 
introduced by flow rate 50 ml/min from the gas installation tubing 44, the pressure in a 
reaction container was maintained to 10.1 08x1 04Pa (760torr), and Ihr was heat-treated at 
700 degrees C. Other processes applied to the example 2 correspondingly. 
[0090] The configuration of a titanium oxide whisker had the thick diameter of a whisker 
compared with the case where H20 is used as an oxidizing atmosphere, and linearity was 
good although there was an inclination for die length to be short. Moreover, the amount of 
generation of a whisker also suited many inclinations. 

[0091] In example 9 this example, the temperature of heat treatment was changed to 600 
degrees C, 700 degrees C, 800 degrees C, 900 degrees C, and 1000 degrees C in the process 
(c). Other processes applied to the example 4 correspondingly. 

[0092] In the sample with a heat treatment temperature of 600 degrees C, the titanium oxide 
thin line did not recognize deer existence only, but the die length was also short. It takes for 
raising heat treatment temperature, and has the inclination for the die length of a titanium 
oxide whisker to become long, and many titanium oxide whiskers with a die length of several 
microns came to be seen at 700 degrees C. In 800 degrees C, the inclination for the size of a 
titanium oxide whisker to become thick was seen. Moreover, the inclination for a whisker to 
become short in 1000 degrees C was presented. 

[0093] In example 10 this example, the anodic oxidation electrical potential difference was 
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set to OV, 10V, 20V, 30V, and 40V in the process (b). Other processes applied to the 
example 4 correspondingly. When an anodic oxidation electrical potential difference was high, 
there is an inclination for the size of a whisker to be thin and the whisker which has a 
diameter 300nm or less had a large number in the sample using the anodic oxidation 
electrical potential difference beyond 20V especially. 

[0094] Example 1 1 this example is an example which created the nano structure possessing 
a titanium oxide whisker. In this example, it applied to the example 4 correspondingly except 
for the process (c). In the process (c) of this example, in the reaction container, flow rate 10 
ml/min installation of the oxygen gas was carried out, the pressure in a reaction container 
was set to 133Pa Otorr), and heat treatment of 600 degrees C and Ihr was performed for 
base temperature. 

[0095] A whisker and the nano structure as shown in drawing 3 by FE-SEM were checked. 
Furthermore, existence of anatase mold titanium oxide was checked according to the X 
diffraction. 

[0096] When 5nm of Pt(s) was vapor-deposited, it put in into the methanol water solution 
(methanol: water =1:6) and the high-pressure mercury lamp performed the optical exposure 
to the nano structure created in the nano structure and the examples 4 and 8 of this 
example 11, hydrogen was checked and it checked that each had photocatalyst activity. 
There were many amounts of hydrogen to generate in order of this example 11, an example 4, 
and an example 8. 

[0097] The manufacture approach of the titanium oxide thin line of this invention is explained 
later on in order using 12 or less example and drawing 2 (a) - (c). 
[0098] Process (a) 

Ti plate of 99.99% of purity was prepared as a base 10. 
[0099] Process (b) 

After carrying out electrolytic polishing of the above-mentioned Ti plate 10 in the mixed bath 
of a sulfuric acid and a glycerol, unevenness of submicron size was formed in the front face 
by performing surface preparation by the diamond abrasive material with a particle size of 
0.25 micrometers. When the front face of this base 10 was observed by AFM (atomic force 
microscope) and SEM, the irregularity of several 100nm was checked. 

[0100] When the process (c) was performed for the above-mentioned sample on the same 
conditions as an example 2, the path was able to obtain so much the titanium oxide whisker 
which is about 50-1 OOnm like the example 2. Moreover, there are some whiskers which have 
the edge configuration which shows field bearing, and whisker crystal growth was carried out 
clearly. 

[0101] The manufacture approach of the titanium oxide thin line of this example is explained 
later on in order using 13 or less example and drawing 2 (a) - (c). 
[0102] Process (a) 

Reference which formed the washing back with an organic solvent and pure water, fully 
formed the film 11 of Ti with a thickness of 1 micrometer by the spatter in the substrate 12 
of this example, and constituted the base 10 in it using the quartz substrate ( drawing 2 a). 
[0103] Process (b) 

In this example, the discontinuous Ba film was formed on Ti film 1 1 front face on the 
above-mentioned Ti film 1 1 by carrying out vacuum deposition of the Ba of 0.5nm 
considerable amount. 
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[0104] Process (c) 

Then, the titanium oxide whisker was grown up by heat-treating a sample under a steam and 
the mixed ambient atmosphere of helium. 

[0105] In this example, it installed in the reactor which showed the sample to drawing 4 . and 
first, by gaseous helium, bubbling of the pure water (vapor pressure of 864.5Pa (6.5torr)) held 
at 5 degrees C was carried out, it introduced by flow rate 50 ml/min from the gas installation 
tubing 44, and the pressure in a reaction container was maintained to 10.1 08x1 04Pa 
(760torr). And the infrared lamp was turned on and Ihr was heat-treated for sample 
temperature at 700 degrees C. And after erasing the infrared lamp and making substrate 
temperature into the room temperature, gas supply was intercepted and the sample was 
taken out in atmospheric air. 
[0106] Assessment (structure observation) 

The front face of the taken-out sample and the cross section were observed in FE-SEM 
(Field Emission-Scanning Electron Microscope: field emission scanning electron microscope). 
Consequently, the whisker crystal growth of titanium oxide was checked from the base. 
Moreover, existence of a rutile type titanium dioxide was shown by the X diffraction. 
[0107] Moreover, the configuration of a titanium oxide whisker had the good homogeneity of 
the path of a whisker, and was comparatively long. [ of the die length of a whisker ] From 
this, the surface discontinuous Ba film can carry out a catalysis, and can think that growth of 
a whisker was promoted. 

[0108] Moreover, the same effectiveness was seen when the discontinuous film of aluminum, 
Cu, Zn, Zr, and Mo was formed instead of Ba. 

[0109] It replaces with the process (b) of an example 13 in example 14 this example, and is 
0.1 M. ZnN03 It is making it immersed into a water solution, and Zn was given to the front 
face. When the above-mentioned sample was heat-treated on the same conditions as an 
example 13, the whisker which was comparatively excellent in linearity grew up to be high 
density, and there were many thin whiskers. 

[01 10] It is thought that growth of a whisker promoted from this in the location to which Zn 
was given by the front face, moreover, ZnN03 instead of — LiN03, Na2 P04, KCI, Mg 
(N03)2, calcium (N03)2, BaCI2, Y(N03) 3, La (N03)3 and CuS04, and Zr (S04)2 etc. — the 
same effectiveness was acquired also when immersed in a water solution. 
[0111] It replaces with the process (b) of an example 13 in example 15 this example, and is 
CuS04 of concentration 10 g/l. In the water solution, it is carrying out the seal of approval of 
the negative potential to the above-mentioned Ti film 11, and the considerable amount of 
1nm thickness was electrodeposited for Cu. 

[0112] When the above-mentioned sample was heat-treated on the same conditions as an 
example 13, the homogeneity of the size of a whisker was good and the die length of a 
whisker was long comparatively. From this, the surface discontinuity (island shape) Cu film 
can carry out a catalysis, and can think that growth of a whisker was promoted. 
[01 13] It replaced with the process (b) of an example 13, and the base 10 was made 
immersed into a 0.1 M sulfuric-acid solution in example 16 this example. When the 
above-mentioned sample was heat-treated on the same conditions as an example 13, it 
excelled in the linearity of a whisker comparatively, and there were many thin whiskers. 
[0114] From this, generation of an oxide film and detailed unevenness arise by being 
immersed into a sulfuric acid according to the difference in the oxidation rate depending on 



18 of 23 



09/22/2006 02:08 PM 



JP-A-2000-203998 



file:///Q:/2006/062907/References/JP-A-2000-203998.html 



the crystal face and the chemistry condition on the front face of Ti, and it is considered by 
this for growth of a whisker to have promoted. 

[01 15] It is 1M to the pan after anodizing like the process (b) of an example 2 in example 17 
this example. H2S04 The base 10 was immersed in inside and the high-pressure mercury 
lamp (output of 5kW) was irradiated between 5min. 

[0116] When the above-mentioned base 10 was heat-treated on the same conditions as an 
example 2, there were many thin whiskers and the amount of a whisker also had them. [ 
comparatively many ] From this, the enhancement of the grain boundary by the difference of 
the etch rate which originated in the difference in a surface state by UV irradiation, and 
irregularity are reinforced, and it is thought that whisker growth was promoted. 
[0117] The manufacture approach of the titanium oxide thin line of this example is explained 
later on in order using 18 or less example and drawing 2 (a) - (c). 
[0118] Process (a) 

Reference which formed the titanium oxide film 1 1 with a thickness of about 10 micrometers 
by calcinating 30min at 500 degrees C in atmospheric air, and constituted the base 10 after 
making the substrate 12 of this example gel the titanium oxide particle P25 of enough the 
product made from Japanese Aerosil after washing with an organic solvent and pure water 
using a quartz substrate and applying on a quartz-glass substrate ( drawing 2 a). 
[0119] Process (b) 

Then, ultraviolet rays were irradiated between 5min with the high-pressure mercury lamp 
(output of 5kW) at the above-mentioned titanium oxide film 11. 
[0120] Process (c) 

Then, the titanium oxide whisker was grown up by heat-treating a sample under a steam and 
the mixed ambient atmosphere of helium. 

[0121] In this example, it installed in the reactor which showed the sample to drawing 4 . and 
first, by gaseous helium, bubbling of the pure water (vapor pressure of 864.5Pa (6.5torr)) held 
at 5 degrees C was carried out, it introduced by flow rate 50 ml/min from the gas installation 
tubing 44, and the pressure in a reaction container was maintained to 10.1 08x1 04Pa 
(760torr). And the infrared lamp was turned on and Ihr was heat-treated for sample 
temperature at 700 degrees C. And after erasing the infrared lamp and making substrate 
temperature into the room temperature, gas supply was intercepted and the sample was 
taken out in atmospheric air. 
[0122] Assessment (structure observation) 

The front face of the taken-out sample and the cross section were observed in FE-SEM 
(Field Emission-Scanning Electron Microscope: field emission scanning electron microscope). 
[0123] Consequently, the whisker crystal growth of titanium oxide was checked from the 
base. Moreover, existence of a rutile type titanium dioxide was shown by the X diffraction. 
Moreover, it was checked that the whisker of several 10nm size is growing so much, and it 
was checked that a whisker grows up to be high density by performing UV irradiation. 
[0124] The field where a chemistry condition (for example, oxidation number of titanium) 
changes in nano meter size in a titanium oxide front face with UV irradiation is formed, it 
originates in the difference of a reaction rate with the H20 ambient atmosphere in each field 
having arisen, and it is thought that the whisker grew up to be high density. 
[0125] 

[Effect of the Invention] Like, by the manufacture approach of this invention, from a base, it 
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excels in crystallinity and the thin line containing the titanium oxide which was explained 
above and which has the path of nano size, especially ****** which obtains a titanium oxide 
whisker are made. Moreover, the thin line containing titanium oxide with directivity, especially 
the nano structure which allotted the titanium oxide whisker are realizable especially on a 
base. 

[0126] The nano structure which makes the titanium of this invention the charge of a 
principal member can begin an optoelectric transducer, a photocatalyst, and an electron 
emission component, and can apply them in the large range as functional materials, such as 
various electron devices and a micro device, a structural material, etc. Moreover, the 
titanium oxide whisker of this invention can also be used as reinforcement, such as plastics. 



[Translation done.] 
* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

LThis document has been translated by computer. So the translation may not reflect the 
original precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1]It is the schematic diagram showing the example of the configuration of the thin 
line containing the titanium oxide of this invention. 

[Drawing 2]It is process drawing showing one embodiment of the manufacture approach of 
the thin line containing the titanium oxide of this invention, and the nano structure. 
[Drawing 3"[It is the conceptual diagram showing the nano structure possessing the thin line 
containing the titanium oxide of this invention. 

[Drawing 4] It is the conceptual diagram showing the heat treatment reactor at the time of 
titanium oxide whisker growth. 

[Drawing 5] It is the conceptual diagram showing anodic oxidation equipment. 
[Description of Notations] 

10 Base 

11 Film Which Uses Ti as Principal Component 

12 Substrate 

13 Un 1 — Front Face Which Has Surface Type Voice [ like ] 

15 Thin Line Whisker Containing Titanium Oxide 

41 Reaction Container 

43 Infrared Absorption Plate 

44 Gas Installation Tubing 
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46 Exhaust Air Line 

47 Infrared Lamp 

48 Condensing Mirror 

49 Infrared Transparency Aperture 

50 Thermostat 

51 Reaction Container 

53 Cathode 

54 Electrolytic Solution 

55 Ammeter 

56 Power Source 



[Translation done.] 
* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

"I.This document has been translated by computer. So the translation may not reflect the 
original precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DRAWINGS 



fDrawing 31 

15 >&%tt*m 




fDrawing 11 



21 of 23 



09/22/2006 02:08 PM 



JP-A-2000-203998 



file:///Q:/2006/062907/References/JP-A-2000-203998.htmI 




15 ®4t*?>ttt?mm 

( c ) 



[Drawing 41 



13 

12 mi 
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rDrawing 51 
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*gfc<cifA»iifflT#s„ c(o^i=t i z-gtimmizaib 

[0047] *fc % JiEmraro^jst l-c/4. t i 
*MtfS*H=«fcy, t i *#4?S®i=^b^«S8 (tfiJxtf^ 
-So C*U*. -tESSfl-jigSiatSBfbflBSl CB 

[0 0 4 8] CCt'B, l8AiIlBi$»ft 

fc^at^^Lfc*', ±ElBAiMB»l=. im©# 

[0 0 4 9] *<*fl<ll=l*. «EiaAI=fil»t*Lfc* 

i=. s«i 2±i=t i zndcKttzmi i « 
b$^# % ffi<b#Hm*T?sift«!ia$ffa*xfic$fT3 

[0 0 5O] JJiiiftWLfc. ^XgB^-ffi-rcirlcJ: 

fiE4*i§Kft5 1 * >&St;mm0&£ffl < -tz zttf-e 
#•5. Ztilt^ ±ELfcl8Bt ( fc|,aiji!iII: < ky < 

&ii**^m&<o&&m<-fzz£izr>i$&z>*,o>tm 

[0051] -f **w/=fct^rtt. K^b^^> 
*^t;Sfflj|$^fiE-rSfctoo^«isxfiBfri=. t i 
^Tz^frmmz. mmum&immLtzv^ mm^m 
s«JB©aft-5ajgfs»dtLfcy» •te7c^s#-^-r§c 

<bT?. **i^*i©f|Jgl, *««>Mlcfit^r4Mla>«Jl 
&iS.m?&Z£tfT-$Z> 0 c:<OtS^|c•^L^TIi0^6A^T• 

H^«B-v>^*i/Hfba©*4JSs®-y--f htfm&xztfLo) 

ntb&bl£i>J&l\t4S*. 6*1-5. 4 6l=tt. KJ8?S*05 

[0 0 5 2] Igc (B2 (c) #fig) 
5I£M*. 7»>«IMb-r«*BftT7lMUi-r«. * 
181= J: y, S»i®»f$>iHb#igJSJEtL 



i 
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[0 0 5 3] ZC"C±E»ffl31*fT3jEJC»«(D-«fc 

■3l\r % B4*ffli^K«ti. B44i4 i fiJE08« 
T?*y. 1 Ott|55E(DS{*. 4 3(4*^na»jR«-c*y 
K8*;u?-(Dfi||tl:«;ort^. 4 4teKft»BS 
«)*A*iAtS»xtAft*«, Sttttifi-taBft 

i*. 4 6iw^»a7-f>tfcy, 
»ffltD*ma^>^"cfcy. 4 8f*ftM>tt&ft«£<# 

[0054] MAaciK-raibsiBftAtfaatt. n 

i£££*t& 0 BffiS0>£gftte6 0 Ot~9 O O°C0)fBffl 
[0 0 5 5] ±ET i «Kfb-r«K4bffHftJ: L 

t i safc-r-SK^SHSt^Lrii. h 2 o 

LI*. $^|cfi % ±E»ft»Hft+lc % 7Xm <H 2 * 

x) sffl$-r*ctA^ l. 

[0 0 5 6] J5l±KWLfc«fc9lC % *»M0!>»ft^*> 
fltt(D«jt«fttt. *Bl::**:/5c*S*rt-*afctt* % 

r****©B<b*Hft*T?»«3i-r*ctf=«fcy % 

(K*k»Hft) -B« (^*» J5J&£flH*Tafl;** 
> S«B««fz**-B- L tf> £ * (D V & £o 

[0 0 5 7] *«MO>aa»airj:*LK. L 
T«nm^bS/imi!:t)fc^ fi£te»1 Onm-» 
1 0//m|C*>fcy % M*a»lr»ftf^>«>-fX* 

[0058] *r= % **B8a>«a^arcj:y»flia?*i* 
[0059] ±a<oaas*ftfc«fe*Ltf. mt=?$ 

r*aatta>*afca*>6r, ®&Ltzt,o. mm*i<D& 



[0060] an*. **Ma>aa*ttf=ij:yjHjataFti 

©»tt0«*«T«HSB-C**. Bif3*-r«r=. *ss 

Boaastticfcyaasji-BB^^^^-f x*-o> 

©ttf*. Hi (a) (7)ck-5lCffl«CDt(D. B1 (b) <D 

•tai^ai*©*^ si ( c ) o<fe3^a«T?**3&<j9 

[006 1 ] mi (b) % (c) % (d) l=5j*Lfc*38 

a-e»6*i*aft^*>*#t«Bar*. ®*e$^tx 

KtMfT*^ ^7-<X7J — <Z>**l*»nm~»//mT?fc 
y. **fiJ8l O nm~&WjUm<Z>$BS<D£<D£*#&c: 

[0 0 6 2] *«Bia>aa*3**ffiL^*i. 03 

0>«fc5CU o<b. *{*!::# LT*flte£*TLTIB 

**ifc-r*»<b^^>^t?ffl«i 5stt^6«a# 
[0 0 6 3] **wa>«jt*ftiz«fcyit36*ttfc»<b^ 

*>**t?ioa«\ esttic-rcti. ^^fo^ty 
*?£i*i;a6, #11^ f/\v ^ □ f av x * 

[0 0 6 4] 

wr*. 

[0 0 6 5] HJg^Jl 
JMT> B2 (a) - (c) &mi\ *5&W(DmtT$^ 

[006 6] Xfl (a) 

*tftt*fcj:y+»izft»« % x/t?»ac:j:yj(s i 

jUmCDT i(DH 1 £$SilL. 0S««Lfc (■ 

2 a) #j30 0 ^Xfl^rz. FE-SEMl^^of; 

[0 0 6 7] X?I (c) 

[0 0 6 8] *HJg#J[Zfcl\T!*s H»*B4fZ^Lfc 

KKa«izB«Lr. *-r^y ^A#xicj:y. 5°cic 

S^L/rtt7X (^^EE8 6 4. 5 Pa (6. 5tor 
r) ) t/W'J>yu *X»Al4.4*6M5 0m 
I /m i nT?«ALrJ5JCS»rta)E** 1 O. 108 
Xl04p a (760torr) fZ«|»Lfc 0 ^Lt* 
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HiLfc. 

[0 0 6 9] fffflj 
fl»yttLfc-y->^©a®. 81ISFE-SEM (F i 
e I d Em ission — Scanning Ele 
ctron Microscope: SJMfefcHSSIgJfJ 

[0 0 7 0] *fc. »ft^*>«>-fX*-©»«tt. h, 
CDglil 0 0 nm~3 O Onmgg, g^ligfe 
1 0 o nm-Sl 0 (im1?fti|, Eli (b)|c*-TJ:-5 

fc> ^-fXA— ©rji[=fi. BMSStlyJJ»«i» 

[0071] mmmz 

fc. KT, 02 (a) ~ ( C ) Sffliv 
[00 7 2] II ( a ) 

xmmmm&mi 21=14, 5*****11^ 

l«m©T ill 1 ?SIU £{*1 OZffif&Ltz (02 
a) #B3) . 
[0 0 7 3] XII (b) 

U HS7k«l=<fcyig*£ 1 7»cl=«#Lfc„ MBA: 

sffttD c4ovtu fammit&mmmt 1 m 1 n & 
a^sEM-cts^Lfc.tc?,. sai=ttfti 

[00 7 4] Iff (c) 

[OO 7 5] ^^S£Mr=fcL\xr*. M*4£04f=*L.fc 
fi«S«l=K«LT. *r^y7A7TXJ=«fcy, 5°CI= 
SJ$Lfc*$* (USE 8 6 4. 5 Pa (6. 5 tor 
r) ) >$fu #X»At4 44>6M5 0m 

I /m i n tiA L t SlE^rtDJEA $10. 108 
XI 04 Pa (76 0 t o r r) l=*tfcLfc. *LTffr 
*«7>:**]ftffLTK«Hft*7 0 0'CT? I h r<0j?& 

*aSI= LT * 6 #X Lfa*4£*m*l=|S y 

UiLfc. 

[0 0 7 6] fffflj (fg&tgf?) 



iySlLfc*>7"*«)W, BSS$FE-SEM (F i 
eld Emission— Scanning Ele 
ctron Microscope: a&tttb^SISB 
^MfflSS) IcTSSLfc. Kfc^ 
xa-OtfftjWtBSfifc. *fc. xlftHft 

[0 0 7 7] *fc, *-©»«!*. s 

1 l=lf<T* < . 1 O n m~ 1 0 0 n mg$, 
fi*l*»1 OO nm~&1 OumtftU, 01 ( b ) 1= 

a KMttfcfeH. XA-Atjl&jri 
fc. *fc, •WxA-coaii, 1 fctt^r^T* 

[O 0 7 8] HJfc0lj3 

***«i=*si*rtt. ii (a) i=*a*t\ t h^i 

Ti JB±I=*C,I=A I M£0. 5nm*IM3a, B 

[0079] *mmmizt$i\T. 8^^^*- 

©fl2#l±, fl*3 0nm~2 0 0nmfll> 
OOnm~»lOi(mT-fe'A 01 (b) |=jj*-#- J: 5 |- 

[o o a o] *fc, mttt*»jR*t, a i ©ft*>yi=. B 

a. Zr, Mo, Y, L a % C U , Zn, Zr. M o £ 
ffl^fca^l=t,«6K**lfc. C*l*y, T iJSS®|; A 

[008 1 ] §tiS0S4fc«fctf|y£095 
***«l=fet\Tt*, ii (b) Cfiut, PltlSHbffl 
S«?iSi:LT. 0. 3M65B& (HSS01J4) , 0. 3 Mffi 
Stl=A1 2 (so 4 ) 3 £o. 0 1 MiniLfca«^ (m 

[O0 8 2] *SJS«4, 5(=j3l\T. iHb^£>0-i 
X* — ©gli, 1 0nm~1 OOnmfig, SJliSi 
0 0 nm~ISl OjBm-Cfcy, 01 (b) \ZHi-f&o[z 

■< x a — ©si*hjs0>j 4 (=j±'<r mmm 5 ©**<£** 

[0 0 8 3] »fctt5-ett. *«-f^V***^«»» 

©ft*>yi= % Li, Na, K, Mg, Ca, Sr, B 
a, Cu, Z n^C < !:a>-^'^->$ffl^^fc^^•(ct,5tB$^^ 

f=. c*t<fcy, mmmitmmmmzA i $iice6«t-r§ 

fteTC^-<^->$jD^.§ci:-C, T i MSISI=T i jy^<o 

[oo8 4] mmme 
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&-?sofe^i)0<L#m<D7kmJi*iz&ij % 5°c\z%n 

m I /m \ nT?»ALTSj£8»rt<3[)EE**1 O. 1 o 
8xl04 Pa (760 torr) fcltfc U 700t 

-ei h roB«ii»Lfc. tto>xsr»tt«i4rz«i: 
fc. 

[0 0 8 5] *jgJS«|Cfcl*T* &{b^£>^X;b- 

o>»«i*. fe*t;att*««4tj±-<r*6r=iB<5n 

m-5 0nm8t % OOnm-Sjumt'fe 

y, fit^ofco hi (a) ooj:3r=a«a> 
to, mi ( b ) o«feai=a«a>t<o. 01 ( c ) cd* 
' 3(=ttttT?A««<JKMnicK49««a> % mi (d) 
t £ 5 rcaftoett***** L fc^tf O * ©ft jf*tji &■ 

*ifco *fc, mi (b) (c) , ( d ) <o+fctt, ® 

[0 0 8 6] C^LcfctJ. *»***-r*#H«*tftt«l 

m?Z>zt\z&i) % iHb^i/^-f xa— 
[00 8 7] HM7 

tt* 5 0f&^ij^A#«R(D7k***Xf=cfcy, MAS/*? 

'J>^U #7iAf4 4^6M5 0ml/ml n T* 
iALtfiJStSW0EA?1 O. 1O8xl04p a 

(7 6 0 t o r r) [ZflM* U 7 0 0°CT? I h r 0gft«l 
mZMLtzo 1°c. 5°C. 10 

[0 0 8 8]8m>^^*-0)Mtt, H 2 0# 

fee £fc. ^-fx*-<D*jieit*^«ifiifz*ofc 0 

[0 0 8 9] ^Jg^ljS 
**««fcfiL%Ttt. Xfl (c) a 

44^«l50m I / m i n r»A LTjEJ6««rta) 
E*$10. 108xl04p a (7 6 0 torr)|: 
»H$U 7 0 0°C-C I h r 0>»ftl«£JfcLfc. «&a>xa 
2 IClpCfc. 

[0090] »fb**>**x*-<o»ttf** Kfb»gs 
tzo £fc, •J-rx*— o>afi8*t*i\«aic*ofc; 

[009 1 ] HJSCT9 

*s*«fc»t^Ttt. xa ( C ) ksht* masoa 



g£6 0 0°C, 7 0 0U 8 0 0°C, 9 0 0°C. 100 

[0092] ISto^Jt6oo o c<7)ii^Kzte^r[i. & 

ofc e 8 0 0°C(-fctNTI±. Mft^*>^-f X*-(D* 
**<*<ft««lRlrt*J|&;h,fc 0 £fc. 1 00 0 0 Cf;:fcl^ 

[0093] mmmi o 

**««f=fet\Ttt. Xfl (b) ICfcOT. Riffiffi-fbS 
ff£0 V. 10V. 20 V. 30V, 4 O V<h Lfco fft 

©xatt*«*4ic*cfc. mwmitnmtmvt* 

\z % »S^X*-<D*a?35<ffli%«i$iA<fcy % <f$fz20Vfel 
±«>»ailft«ffi*fflt\fcK»fZj3^rtt. 3 00 nm 

[0094] mmmi i 

*ff«Lfc«-cfc5 0 *56JB«f::*5l,*-ci*. x?I (c) 
**«4lz:*i:fc 0 Mtfloiil (c) rzj3 
l*TI* % JEJESSrtlC&*:tfx£3£g1 Oml/mi n 
*A LT J5JEE8»rt©JE*$ 133Pa(1torr) 
<t U ^{*;gS£6 O 0°C. I h r (7)f»fil31$JgLfco 

[0095] fe-s EMfcfcymafz^-Tcfea^^-r 

iffflafc^4r>©JME^ttBLfc. 
[0 0 9 6] *HJ&0iji 10tyia*AtfMfl4, 
8-eff/«Lfc^yaa(*|z. Pt«5nm»U 

EzKffl ^ > ^T^^lt ^fr o fc £ :: 5 . 7X*A^«K* 
*U f ^if ti^Ml^ft^f t § c t J L/: fl ft 

tt-f&xmmiz. *mmh i. hjb#J4. h^js© 

■fcfrfrofc. 

[0 0 9 7] HJ&01J1 2 

jut\ B2 (a) ~ ( C ) &mi\ *n&ia>mb?&> 

[00 9 8] xa (a) 

*M9 9. 99%0Ti«[JSftlOHrilL/: o 
[0 0 9 9] Xff (b) 

M^s^ss-rcctfCcfctj^ mmizvy^^a^v^xo 

flIH£»j«Lfc. C©S<*1 0 0)iISAFM CJ0K-7-IH1 
^J^«^) SffSEM-eWLfct:^ »1 OOnm 

[oioo] ±iHim£. MkM2&naa>ftfr-exa 

(c) JtTofciCi, ftlfefl 2 £ H«IC. ^50- 
1 0 0 nmSJtO)K<b^^>^-rX* — $*fifz»-6C 
t**"C#fc. *fc, 0* x^-cD*lc(i, ffi*tt*5?f 
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[0 1 0 1] SEffifll 3 

jut. (a) - (c) $mi\ xmrnmnmiT* 

[O 1 0 2] Ig (a) 

/imOT i OKI 1 ML, Kftl 0*«fi8L.fc (B 
2a) *ffl) o 
[0 1 0 3] Xfl (b) 
**JS«-ei*. ±ET iffil 1±|C. 0. Snmffi^fi 

[0 1 0 4] Xfl (c) 

[0 10 5] *3Mfcffll=fcl*TI** K»*H4l=3FLrt: 

R»Lfc«* (SSE8 6 4. 5 Pa (6. 5 tor 
r) ) S/WU^U ^)XiAf4 4A>P,at5 0m 
I /m i ntiALTSJtSSW^E*'* 1 0. 108 
x104p a (760torr) [Z|iJ*L/= 0 fit* 

*M8^ >:7£jSff LTK*4Sft£7 o o°c-e I h r CDffft 

**ai=LT^&.#x«fft*aBfLit»**ft*fcffly 

[0106] Ifffi (fltiMMC) 

utyttUfc-y-^^jKoaa. ^s^fe-sem (f i 

eld Emission — Scanning Ele 
ctron Microscope: W.ifc'&ti&Tk^tW.W 

[0 10 7] *fc. Mit?$>0'(*±-<Dl&m*. ^ 
[0 1 0 8] *fc % BaO)ftt>yiCA K C u. Z n. 

zr. Mo<o^aaK^fitLfca^izfcL\Tt. n«t 

[01 09] HjffiW 1 4 
*HJfiftUCj3t^Ttt. Seffi09l 3CQXf£ (b) iCftiL 
T\ 0. 1M Z n NO3 7XS»*f::aaSi**Z£ 
X\ MfcZnfctt-^Lfc. ±EK»S, 3i 



[oiio] z:*t«ty, aai3Zn*ft^**ifc»Bfi= 

tzs Z n N 0 3 CDfrfr y |Z % LiN0 3 , N a 2 PO 
4, KCI, Mg (NO3 ) 2 , Ca (NO3 ) 2 » B 
a C I 2 , Y (NO3 ) 3 • La (NO3 ) 3, CuS 
O4 , Z r (SO4 ) 2 fc£©*»*l=»8ILfc»$* 

[0111] HffitfiJ 1 5 

**a«»zfetvri*. mmmi 3^)ig (b) ictt*. 

ts an og/i(DCuso 4 7X?g?$*T:. -tiET i 

jgl 1 13^11(4 ^ffpTf -5 Cujl nm]gJl<Z>t@ 
[0112] -hlHKft*. SSSMi 3£B«>S:£fM?» 

y. SSO?X« (6tt) CuIAlKffl^L, ^-f 
X * - <D AS * ffi a L fc <h # £ - £ rt« t? # * o 
[0113] Hfi£#J 1 6 

**K«lzfcl\-Ctt. HffiflJi 3<DXfI (b) left*. 

t\ o. 1 M«K»a*iz»*i o*a»*-erfc. ±e 
[01 1 4] cttcfcy. sn»*i:aat4it^ t i 

[O 1 1 5] HJS^JI 7 
*jtlfi«IZj3l\-Ctt. Hffi«2<DXfI (b) fcHi:*? 

fc»«lMb*fTofcft. ^bl:iM H2SO4 

t*1 0*»»LSE7Ktt^>:7 (tb^5 kW) S5mi 
nIHJWBLfc. 

[0116] ±iaan*i o$. mmM2 tmmu&wv 

«BttJ»a>ift3L Eafl*<ii3iS*u ^-fX*-J£« 

[0117] mmm i 8 

B2(a)-(c) ***«©IMb^* 
[0118] Xfl ( a ) 

«fctftt7kfc«fcy+»i-a»sk. a*7xp^aomb 

f^>M^P2 5^WbS^ 53S**^x»ffi±lc 

^^Lfc^. ^^t5 0 0°Ct*3 0mi nC7)'M^t$fr 

3 d t X-BZ i o u mfIJgtf>i£lb^£ >M 1 i £j£R 
Lx S{*1 O^^^Lfc (12a) #H) o 
[0 119] Xfl (b) 
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A5kW) fZ<fcySR*M8*5m I nfflHMtLfc. 
[0 12 0] Xfl (c) 

SftLfcttzK 6 4. 5 Pa (6. 5 tor 

r) ) t/ff'J^U ^XgAf4 4^P,3iEl5 0m 
l/mi ntiALtSffrg^EA^I 0. 108 
x 1 04p a ( 7 6 0 t o r r ) |Cft» Lfc 0 *Lt* 
»«7>?*£WL"CK»SS*7 0 0°cr* I h r COUft 

[0 12 2] PfiS («36ffiS?) 

ftyfflLfc»>^;ufl!)ajB. Bt®£fe-sem (f i 

eld Emission — Scanning Ele 
ctron Microscope: m^Sfcffi^fi^S 
^■fttt) KTttKLfc. 
[0 12 3] *0>$SJg. 8ftf»(W^X 

*-esa>dt*A<*K**ifc. *fc* xtt@Sr(c«fcy;i/ 

^^uaK^^XDffttA^S^fco ftl Onm 

[oi 2 4] *^«Ra»rz«fcyMft^5r>«Br=J3t^ 

lt*H2O»Hftt0)j5i£iSaa>SA<*i:fcCi:lcieH 
[0 1 2 5] 

*y. st*A>b. eattizflMu +y*-f xcog^^-r 



[0126] *»wa>^4r>«£#»fcTr*-i-^*a# 

'm&ttWzizkLX. £l*ttH"CJWB*Ttt-C**. * 
[BiBaffiW&KH] 

[mi] *»wa)iift^4r>*dfc«i«ia)»*a>«i*« 
[13 3] **^<7>K^b^^>$^tr««*^fiS-r-5^y 

[MOM] 
i o St* 

1 i T i *±«»t-r*K 

1 2 £fi 

i 3 *-««raffij^i8**-r*«ffi 
15 aft** 

4 1 JKJC$S 

4 3 ^nttoftiKfi 

4 4 fxSAB 

46 

4 7 ftftm^^Zf 
4 8 %k%*=?- 

4 9 ^maaasB 

5 O fi;Sffl 

5 1 £J£^£§ 
5 3 *y— K 
5 4 mg?;« 

5 5 SSSft 

5 6 mas 



[93] 



15 m&-9 >*frttim 
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12 &m 



10 g# 
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